A reclassification of the Neisseriaceae is proposed, involving : ( I ) Inclusion of Moraxella as a genus of Neisseriaceae. ( 2 ) Transfer of Neisseria catarrhalis, N . ovis and N . caviae to ibfordxella, or, alternatively, creation of a new genus for these species. (3) Unification of the species Neisseriaflava, N . perflava and N . subflava under the name N . subflava. (4) Unification of the species Moraxella lacunata and M . liquefaciens under the name M. lacunata. ( 5 ) Exclusion of the genera Veillonella and Gemella from Neisseriaceae. The relationships of the organisms Acinetobacter anitratus and A . lwofi to
I N T R O D U C T I O N
The results of recent studies on the relationships of organisms belonging to the genera Moraxella and Neisseria (Barvre, 1967; Catlin & Cunningham, 1961 indicate that a revision of the taxonomy of these organisms is desirable. Transformation experiments and determination of DNA base composition have given particularly suggestive results. The significance of such criteria in taxonomy has been discussed elsewhere (Barvre, 1967; Barvre & Henriksen, 1967a) . Here it may suffice to state that the following discussion is based upon the hypothesis that genetic homologies as demonstrated by genetic recombination between organisms have a greater significance in the taxonomy of bacteria than many phenotypic expressions which are commonly utilized in taxonomy. We also feel that the DNA base composition represents valuable supporting evidence, in the sense that wide differences between the over-all base composition of two organisms speak against close taxonomic relationship, whereas similar base compositions are compatible with, but do not prove, close relationship. At the present stage of our work we find it permissable and useful to suggest a new classification of these organisms, mainly based on the available transformation results and DNA composition data. Some of the taxonomic problems have been only tentatively solved, however. Future nucleic acid hybridization experiments may prove supporting or modifying on these points.
Relationships between Moraxella and Neisseria
Some years ago it was suggested (Henriksen, 1952) that the best choice of a family for the genus Moraxella might be Neisseriaceae. This suggestion was based upon similarities between the genera Moraxella and Neisseria in morphology, biochemical reactions, growth characteristics and requirements, antibiotic sensitivity and habitat. The results of transformation experiments give support to this idea. Thus transfor-mation of relatively high efficiency, as high as or higher than between some species within each of the two genera, has been shown between Neisseria catarrhalis, N. ovis and N. caviae on one hand, and Moraxella lacunata, M. liquefaciens, M . nonliquefaciens and M. bovis on the other (Barvre, 1967) . Particularly high ratios between interspecific and intrastrain transformant numbers (in the following such ratios are called transformation ratios for simplicity) were found in experiments with N. ovis and M. bovis. We feel that it is reasonable to assume that such high transformation ratios (up to about 0.1 %), as occurs in these cases, are indications of fairly close relationships.
When this is considered in the light of the many other similarities which have been pointed out before (Henriksen, 1952) , we feel that it is a sound idea to include the genus Moruxella in Neisseriaceae as one of its genera.
Relations hips with in Neisseria
Results of transformation experiments and DNA base determinations made elsewhere (Catlin, 1960 (Catlin, , 1961 Catlin & Cunningham, 1961 ; Marmur, Falkow & Mandel, 1963 ) and on our own strain material (summarized by Barvre, 1967) indicate that Neisseria species can be divided in two subgroups. One subgroup consisting of Neisseria gonorrhoeae, N . meningitidis, N. sicca, N. Java, N. perJava, N. subJava, N.JEavescens and N . cinerea is characterized by guanine + cytosine (G + C) content of the DNA in the vicinity of 50 mole %. The species which have been studied show high mutual compatibility in transformation, with transformation ratios above I %.
In the case of N . gonorrhoeae, this species is highly compatible with N. meningitidis in DNA hybridization experiments (Kingsbury & Duncan, I 967) . All these organisms clearly are closely related and belong to the same genus. It might even be discussed whether they are too closely related to be separated in different species. In the case of the species N.JEava, N.perJlavu and N. subJEuva the relationships are particularly close, with transformation ratios above 10 % in all combinations. These organisms only differ from one another in comparatively minor details, and it has always been difEcult to distinguish clearly between them. It has been previously suggested that they be united in one species. We feel that the transformation data give strong support to this view, and that these species should be united. According to the data given in Index Bergeyana (Buchanan, Holt & Lessel, 1966) the name would have to be N. subJava, which appears to be the oldest legitimate name.
Neisseria gonorrhoeue, N. meningitidis, N. sicca, N. Jlavescens, and N. cinerea are also apparently closely related to N. subJava and to one another, and it might be discussed whether they should be considered as varieties of the same species rather than as separate species. However, this might cause unnecessary confusion. In particular it seems desirable to keep organisms such as N . gonorrhoeae and N . meningitidis as separate species. We suggest that also N. sicca, N.Javescens and N. cinerea be maintained as separate species for the time being.
The second subgroup, consisting of Neisseria catarrhatis, N. ovis and N. caviae have G + C contents of the DNAs in the same range as the 'classical' Moraxella species (N. cutarrhalis 41-42'5 moles%) or slightly above this range (N. ovis and N . caviae 44-5-45 moles yo). They show mutual compatibility in transformation, although this is low between the former and the two latter species, and also comparatively high compatibility with some Moraxella species. They do not attack sugars, but reduce nitrate like the majority of Moraxella species. In other words, This may be a controversial question. If genetic compatibility is to be considered more significant than phenotypic characters such as morphology, the natural choice would be to transfer these species to Moraxella. This also would be the simplest solution, which would avoid the creation of a new genus. On the other hand, some microbiologists may object to the inclusion of both rods and cocci in the same genus. We are in favour of the first alternative and suggest that the three species be transferred to Moraxella, but we feel that the second alternative might also be acceptable.
Relationships within Moraxella Strains named Moraxella lacunata and M. liquefuciens, and most probably corresponding to these entities, were found to be highly compatible (Blavre, 1969, with transformation ratios between 10 and IOO % in all tested combinations. The difference in conventional characters between these organisms is very slight, probably consisting in a slightly different sensitivity to certain inhibitory substances contained in some batches of peptone (Lwoff, 1947) ; with most of the media now in use the difference is even more difficult to demonstrate (Blirvre, 1965) . Furthermore, the DNAs contain approximately the same percentages of G+ C, 41-5-43 moles %. There seems to be very little reason to keep these organisms in separate species, and we propose that they be united in the species M. lacunuta.
The species Moraxella nonliquefaciens and M. bovis appear to be very closely related to M. Zacunata and to one another, with transformation ratios ranging from 0-I to 1.8 %, and their DNAs show G + C values in the same range, from 40 to 43 moles%. Again it can be discussed whether these organisms should be considered as varieties of the same species or as separate species. It is true that the difference between them, both in genetic compatibility and in conventional characters, is small. But the difference is clear enough to allow easy identification. The use of varieties is slightly more cumbersome than of separate species and is rather uncommon in bacteriology. We feel that one may have to accept that the degree of relationship between the species within the same genus varies, and we can see no advantage in changing the present usage on this point. For these reasons we suggest that these three entities should remain separate species. Moraxella kingii (Henriksen & Barvre, 1967) differs more clearly from the other Moraxella species in biochemical characters, transformation and DNA base composition. This species is able to attack some carbohydrates. It appears to be completely incompatible with all other Moraxella species, as well as with Neisseria catarrhalis and N . ovis. It also has a slightly higher G + C content than the other oxidase positive rods (44-5 moles %). Nevertheless, for the time being it seems most reasonable to consider it as a member of the genus Moraxella.
Relationships to Veillonella
The genus Veillonella has been included in Neisseriaceae on the basis of rather superficial morphological resemblance; otherwise there is little or no similarity to Neisseria. The Neisseria and Moraxella species are aerobes, whereas Veillonella species are anaerobes. We feel that there is a fundamental difference between these two kinds of metabolism. Furthermore, there is little or no other evidence apart from the coccal shape and the, perhaps questionable, Gram-negativity of Veillonella (Burnett & Scherp, 1962) to indicate any relationship. We feel that there is no proof that Veillonella is sufficiently related to Neisseria to belong to the same family, and propose that it be excluded from the Neisseriaceae. It might, perhaps form a separate family, at least until its relationships have been better clarified. Berger (1960a, b) showed clear differences and little resemblance between the genera Neisseria and Gemella, to which genus he removed the former N . haemolysans. We are of opinion that it would be better to keep Gemella out of the Neisseriaceae, since this would leave a more homogeneous family.
Relationships to Gemella

Relationships to Acinetobacter
Opinions about the relationships of the organisms variously called Acinetobacter, Achromobacter, Mimeae, Moraxella, etc., to the 'classical ' Moraxella species are divided, some workers wishing to place these organisms in the genus Moraxella or at least in the same family, whereas others wish to remove these organisms to a different family, e.g. Achromobacteriaceae.
The results of transformation experiments do not indicate close relationship between these organisms and oxidase positive bacteria. The very slight transformation reactions obtained with DNA from Acinetobacter strains on Neisseria catarrhalis, N. ovis and Moraxelh osloensis are very difficult to evaluate, and absolutely no compatibility with Moraxella lacunata, M . nonliquefaciens and M . bovis has been demonstrated. The relationship, therefore, if any, would appear to be distant. In view of the many other differences in conventional characters such as growth characteristics, mode of attack on sugars, oxidase reaction, antibiotic sensitivity and habitat we feel that the time is not yet ripe for the admission of these organisms to the genus MoraxeEla or to the family Neisseriaceae.
The results of the studies on these organisms which are now in progress in many laboratories may be expected to clarify the situation and should be awaited before a decision is made in this controversial matter. We conclude that these organisms should wait for admission into the Neisseriaceae until better evidence in favour of Taxonomy of Moraxella and Neisseria 391 this becomes available. In the meantime the classification of these organisms in the genus Acinetobacter seems to be sound, at least as a temporary measure.
A revised classijication of the Neisseriaceae, with a description of the family and the genera Family Neisseriaceae Prkvot, 1933 Organisms spherical in pairs with adjacent sides flattened, or rod-shaped in pairs and short chains. Organisms usually plump with diameters of I ,u or more. Nonflagellated and often non-motile. Some species have been reported to show gliding motility. Gram-negative with some tendency to resist decolorization. Some species form yellow pigments. Aerobic. Some species prefer or require a humid atmosphere, with or without added C02. Some species grow poorly or not at all in some usual media without mammalian body fluids due to sensitivity to certain inhibitory substances in peptone, but may grow in simple defined media. Optimum temperatures about 32-37'. All known species are parasitic. Give positive oxidase reaction with both dimethyl-and tetramethyl-p-phenylenediamine. Usually sensitive to penicillin and most other antibiotics. The type genus is Neisseria.
Genus 1. Neisseria Trevisan, I 885, Organisms coccal. Some species produce yellow pigment. Growth on standard media may be poor or fail. Biochemical activities limited. A few carbohydrates may be utilized. Indole is not produced. Nitrate not reduced. Catalase is produced. G + C content of DNA in the range about 50 moles%. Parasites of mammals. The type species is Neisseria gonorrhoeae Trevisan.
Species I. N . gonorrhoeae. Species 2. N . meningitidis.
(Other species which have been described, may be included.)
Species 3. N . sicca. Species 4. N . subJava.
Species 5. N.Javescens. Species 6. N. cinerea.
Genus 11. Moraxella Lwoff, 1939 Organisms coccal or rod-shaped. Tendency to pleomorphism. No pigment. Growth on standard media may be poor or fail. Biochemical activities limited. Most species do not attack carbohydrates. Indole is not produced. Nitrate may or may not be reduced. Catalase may or may not be produced. G + C content of DNA in the range
